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Description 

Technical Field 

This invention relates to gas turbine engines, and 
more particularly to apparatus for providing identifica- 
tion of and recovery from a gas.turbine compressor 
stall/surge condition. 

Background Art 

Stall occurs in gas turbine engines when the com- 
pressor pressure ratio initially exceeds a critical value 
at a given speed, resulting in reduced flow capacity 
and efficiency. This causes a number of compressor 
blades to "stall" with a resulting momentary compres- 
sor airflow reversal. 

A stall/surge event may only take 50 milliseconds 
from beginning to end, although a series of these 
events may occur in rapid succession. If the stall is 
undetected and allowed to continue, the combustor 
temperatures and the vibratory stresses induced in 
the compressor may become sufficiently high to 
cause engine damage. 

An engine experiencing a recoverable stall will re- 
turn to normal operation.on its own, although the pilot : 
may experience a noticeable loss of power. In conr; 
trast, a nonrecoverable stall cannot automatically corr h 
rect itself and requires the pilot to turn off and restart 
the engine. f?; ■ - > 

A stall may be alleviated by reducing thefa^iof 
the burners or by bleeding a portion of the compres-' 
sor airflow. Either can be performed automatically by 
the fuel control. Alternatively, manual corrective ac- 
tion can be taken, e.g., the pilot cutting back on the 
throttle. In each case, a stall signal must be provided 
to the control. 

In a craft, e.g., a helicopter, not equipped with a 
stall detection system, the pilot must monitor various 
parameters and decide on the incipiency of stall. 
However, this method is error-prone due to the rap- 
idity with which the stall condition manifests itself. 
Thus, it is desired to have an automatic stall detection 
system on board to accurately detect the stall inci- 
piency. 

Prior art stall detection systems, e.g. as descri- 
bed in GB-A-21 52142, typically sense a number of 
engine parameters and make a stall determination 
therefrom. However, these systems have varying de- 
grees of stall predictability. For example, it is known 
to determine a stall from certain ranges of one or two 
parameters. However, this may give false stall indica- 
tions since the parameter ranges may also be indica- 
tive of conditions other than stall. Also, a stall detec- 
tion system using a small number of parameters is 
less sensitive to incipiency of stall and has less ability 
to operate under changing flight conditions. Further, 
since some parameters are worse indicators of stall 


than others, the use of the these parameters in- 
crease the time to detect a stall. Thus, it is desired to 
improve upon the response time of these systems in 
making a fast and accurate determination of stall in- 

5 cipiency. 

Once detected, the stall signal may be incorporat- 
ed in a stall recovery system that initiates an automat- 
ic stall recovery sequence by, e.g., shutting off fuel, 
starting ignition, and reinitiating fuel flow (e.g., U.S. 

10 Patent No. 4,11 8,926). However, such response is un- 
desirable due to the loss of thrust 

Disclosure of Invention 

15 An object of the present invention is the provision 
of a gas turbine engine stall detection system with an 
improved response time in accurately detecting inci- 
pient compressor stall. Further objects include pro- 
viding a bias to the fuel control acceleration schedule 
20 based on the degree of stall incipiency. 

According to the present invention, a number of 
parameters indicative of operational characteristics of 
a gas turbine engine are sensed and the signals proc- 
essed to derive further operational characteristic in- 
25 formation therefrom, each information signal being 
compared in a subroutine to a corresponding thresh- 
i old signal for exceedence thereof, the magnitude of 
f each threshold signal being indicative of incipiency of 
V S compressor stall^a counter being incremented in the 
3Q subroutine upon any threshold exceedence: ioccur- 
^ rence,th)B amount of counter increment depending on 
i the ability of each information signal to predict the in- 
• ; - cipiency of compressor stall, the counter output being 
indicative of incipiency of compressor stall in that the 
35 higher the counter value the greater the incipiency of 
compressor stall. 

In further accord with the present invention, the 
counter is decremented during each subroutine exe- 
cution, the counter value during the current execution 
40 of the subroutine being compared to the counter val- 
ue during the previous execution of the subroutine to 
determine the direction of incipiency of compressor 
stall. 

In still further accord with the present invention, 
45 the counter output is utilized as a bias signal to the 
output of an acceleration schedule of the gas turbine 
engine, the bias signal allowing for a lesser rate of ac- 
celeration as the counter is incremented, the bias sig- 
nal allowing for a greater rate of acceleration as the 
so counter is decremented. 

The invention has utility in providing a fast and ac- 
curate indication of stall incipiency, which may then 
be used as a bias to an acceleration schedule within 
an engine fuel control. In this way the engine accel- 
55 eration is self-compensating for compressor stability. 
Also, the problems associated with having to reduce 
power demand or switching acceleration schedules 
upon stall are eliminated. 
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The present invention may be readily implement- 
ed in, e.g., a rotorcraf t or aircraft digital fuel control by 
means of relatively simple program steps. However, 
the invention may also be implemented by means of 
discrete analog ordigital hardware, if desired, utilizing 5 
only apparatus and techniques which are readily 
available and well known in the art, in light of the 
teachings which follow hereinafter. 

These and other objects, features and advantag- 
es of the present invention will become more appa- 10 
rent in light of the detailed description of a best mode 
embodiment thereof, as illustrated in the accompany- 
ing drawing. 

Brief Description of Drawing 15 

Fig. 1 is a simplified schematic block diagram of 
an exemplary embodiment of a helicopter rotor 
drive system including a free turbine gas engine 
and a fuel control containing logic components 20 
implementing the stall detection system of the 
present invention; 

Fig. 2 is a flow diagram of a computer program 
that implements a portion of the stall detection 
logic of Fig. 1; and 25 
"'Fig. 3 is a simplified schematic block diagram of 
^selected elements of the fuel control of Fig. 1 . 
.•■ ->f *! ■ •* < 
Besf Mode for Carrying Out the Invention 
K ■- ■ ' -. 'TV '•■ : * ; > ' i. . •• 30 

Referring to Fig, 1, arnain rotor 10 of a helicopter 
^.connects through a shaft 12 to a gear box 14 which 
js driven by a shaft 16 through a dutch 18. The clutch 
18 engages an output shaft 20 of an engine 22 when 
the engine speed equals or exceeds the rotor speed. 35 
The gear box 14 also drives a tail rotor 24 through a 
shaft 25 such that the main rotor 10 and tail rotor 24 
are driven at speeds in a fixed relationship to one an- 
other. 

The engine 22 may typically comprise a free tur- 40 
bine gas engine, such as the Model PW205B manu- 
factured by Pratt & Whitney Canada. The engine out- 
put shaft 20 is driven by a free turbine 26, which in turn 
is driven by gases from a gas generator 27, having a 
compressor 28 connected by a shaft 30 to a turbine 45 
32, and a burner section 34 to which fuel is applied by 
fuel lines 36 under the control of a fuel control 38. The 
fuel control 38 provides the correct fuel flow in the 
fuel lines 36 to maintain a desired free turbine speed 
(NF). so 

According to the invention, a signal (NG) indica- 
tive of the speed of the shaft 30 is presented on a line 
40 by a speed sensor 42 to known MGT logic circuitry 
44. A temperature sensor 46 provides a signal indica- 
tive of exhaust gas temperature (T6) on a line 48 to 55 
the MGT logic circuitry 44. The T6 sensor 46 typically 
comprises chromel/alumel-type thermocouples. 

The MGT logic circuitry calculates a measured 


gas temperature (MGT) signal using a curve fit of NG 
together with T6 and ambient compensation, all in a 
manner that should be readily apparent to those skil- 
led in the art. However, this method of providing an 
MGT signal is exemplary; any other suitable method 
may be used. MGT is provided on a line 50 to a der- 
ivative circuit 52, which provides a signal (MGTDOT) 
on a line 54 indicative of MGT rate of change. Al- 
though not shown, the derivative circuit 52 may also 
contain a low pass filter for noise suppression. MGT 
is also provided to a lead/lag circuit 56, whose output 
is fed to a summing junction 58. 

NG is fed to a temperature correction circuit 60, 
which adjusts NG for variations in turbine inlet temper- 
ature and provides a signal (NGCOR) on a line 62. 
NGCOR is fed to known transient MGT logic circuitry 
64 which calculates an expected value of MGT based 
on NGCOR, NG rate of change (NGDOT, described 
hereinafter) and inlet conditions. The transient MGT 
logic circuitry output is presented on a line 66 to the 
summing junction 58, whose output (DLMGTS) on a 
line 68 is fed to threshold logic circuitry 70, described 
in detail hereinafter. 

NGCOR is also applied to a schedule 80 of cor- 
rected MGT rate of change versus NGCOR. The 
schedule output (MGTSTL) on a line 82 is fed to the 
threshold logic circuitry 70. " " 

NG is also fed to an acceleration map 84, whose 
output on a line 86 is the derivative schedule of NG.: 
Alt hough' not shown , NG may undergo temperatare 
compensation" before being applied to the.; map $4V V 
The map output is presented to a' gain ^st^ge 68,; 
whose gain is rhbdif ied by a signal (STALBS) on a line 
90 from t he threshold logic circuitry 70, in accordance 
with a further aspect of the present invention. As de- 
scribed in detail hereinafter, STALBS is derived from 
the output of a counter, the value of which is indicative 
of the operating condition of the gas generator 27. 
The gain stage output (ACCREF) is presented on a 
line 92 to a summing junction 94. Although not shown, 
ACCREF may undergo altitude and temperature com- 
pensation before being presented to the summing 
junction 94. 

NG is differentiated by a derivative circuit 100, 
whose output signal (NGDOT) is presented on a line 
102 to the summing junction 94, which subtracts 
NGDOT from ACCREF. The result of the subtraction 
(ACCERR) is indicative of NG speed rate error and is 
provided on a line 104 to the threshold logic circuitry 
70. It is also provided to the transient MGT logic cir- 
cuitry 64 and to a derivative circuit 11 0, whose output 
signal (DACCER) is indicative of acceleration error 
rate of change and is provided on a line 112 to the 
threshold logic circuitry. Although not shown, the der- 
ivative circuit 110 may have a low pass circuit asso- 
ciated therewith to reduce noise. 

ACCREF is also fed to an integrator 114, whose 
output signal (ACCNER) is indicative of an accelera- 
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tion error tracking term and is provided on a line 116 
to the threshold logic circuitry. Although not shown, 
the integrator output may be compared to NG before 
being fed to the threshold logic circuitry. 

A combination free turbine speed (NF) and torque 5 
(Q) sensor 120 is typically located between the gas 
generator, 27 and shaft 20. The Q/NF sensor 120, 
which comprises in part a torque shaft comprising two 
concentric shafts affixed at a single end, measures 
the offset between the reference outer shaft and the 10 
load bearing inner shaft as a gear on each shaft pass- 
es by the magnetic pickup-type sensor. The Q/NF 
sensor provides a signal on one of the lines 124 to a 
known notch filter 126, which attenuates frequencies 
at and around the rotor system resonant frequency. 15 
The filter output is provided to a derivative circuit 128, 
whose output (QDOT) on a line 130 is indicative of tor- 
que rate of change. 

The Q/NF sensor 120 also provides an NF signal 
on one of the lines 124 to a notch filter 134, which at- 20 
tenuates frequencies at and around the resonant fre- 
quency of the rotor system. The notch filter output is 
fed to a derivative circuit 136, whose output (NFDOT) 
on a line 1 38 is indicative of NF rate of change. 

ACCERR is also provided to known gas genera- 25 
tor control logic circuitry 150 in the fuel control 38. The 
control logic circuitry 1 50, which forms no part of the 
present invention, may also have as inputs (not 
shown) typical engine parameters, e.g., NG, NF, etc. 
in controlling the engine 22 accordingly in a manner 30 
that should be readily apparent to those skilled in the : V 
art For example, the control logic circuitry may inte- 
grate ACCERR and use the integrator output to gen- 
erate a rate request on a line 152 to a known electro- 
mechanical stepper motor 154, which controls a fuel 35 
metering unit (FMU) 156. The FMU 156 controls the 
fuel pump 158 in metering fuel to the gas turbine en- 
gine burner 34. 

Thus, a number of typical gas turbine engine 
parameters (e.g., Q, NF, NG, T6) are sensed and the 40 
signals are processed using known techniques to de- 
rive engine operation intelligence signals therefrom 
(e.g., MGTDOT, DLMGTS, ACCNER, etc.). As descri- 
bed hereinafter, these intelligence signals are applied 
to the threshold logic circuitry 70 for comparison to 45 
threshold signals for determination of incipient com- 
pressor stall in accordance with the present inven- 
tion. 

Referring to Fig. 3, the threshold logic circuitry 70 
may comprise a known microprocessor 1 70 (UPROC) 50 
for executing the algorithmic subroutine of Fig. 2. Also 
included are associated support components such as 
a n input latch 1 72 for selecting from among t he inputs, 
and memory 174 for storing counters, variables, and 
predetermined thresholds. The selected input signal 55 
is fed on a line 176 to the UPROC 170, which proc- 
esses the signals in accordance with the subroutine 
of Fig. 2. The STALBS bias signal is output from the 


UPROC on the line 90. 

The subroutine of Fig. 2 may be one of several 
that the UPROC executes in an iterative sequence in 
implementing the control laws for the gas turbine en- 
gine. It follows that Fig. 3 is not intended to be exclu- 
sive of other, non-illustrated UPROC input or output 
signals, these signals being necessary to effectuate 
control of the gas turbine engine. 

Beginning after an enter step 200 in Fig. 2, the 
UPROC checks, in a test 202, if the value of NG ex- 
ceeds a. predetermined minimum value. If not, the 
UPROC initializes, in a routine 204, counters and va- 
riables stored in memory 174 and used hereinafter in 
the subroutine. The subroutine then exits in a step 
206. 

If NG exceeds the value, the UPROC checks, in 
a test 208, if the counter STALTM (initialized to zero 
in the routine 204) is greater than a predetermined 
value of 13. If so, the subroutine branches to a portion 
of the subroutine described hereinafter which calcu- 
lates STALBS. STALTM indicates the amount of time 
the compressor is in a stall condition. As described 
hereinafter, STALTM is incremented by one each time 
the subroutine of Fig. 2 is executed in which a stall is 
present. 

If STALTM is less than 13, NFDOT is compared, 
in a test 210, toia predetermined threshold value? of- 
30 %NF/SEC. If less than the threshold, the counter 
:V STLCNT.(initialized to zero inline routine 204) ^in- 
cremented by ten in a step 212. If greater thanithe 
/ttnesholti, ftep 212 is bypassed. Thus, NFDOT: ex- 
ceeding t he t hreshold in a negative direction is an in- 
dication ; of. an incipient stall -condition. In this case, 
NFDOT exceedence is determined to be a relatively 
good indicator of incipient compressor stall since 
STLCNT is incremented by ten. As described herein- 
after, other threshold exceedences increment the 
counter in varying amounts, based on the signal's 
ability to predict a stall. However, it is to be understood 
that the actual threshold values and counter incre- 
ment values disclosed herein are exemplary. It suf- 
fice for the present invention that each signal be com- 
pared to a threshold and a counter incremented upon 
exceedence thereof. 

The UPROC next compares QDOT, in a test 214, 
to a threshold of -175 %Q/SEC. If less than the 
threshold, STLCNT is incremented, by five in a step 
216. If greater than the threshold, step 216 is by- 
passed. The UPROC then compares ACCNER, in a 
test 21 8, to a threshold of 25 %NG. If greater than the 
threshold, STLCNT is incremented by three in a step 
220. If less than the threshold, step 220 is bypassed 
and the UPROC compares MGTDOT, in a test 222, to 
the current value of MGTSTL. If greater than the 
threshold, STLCNT is incremented by five in a step 
224. If less than the threshold, step 224 is bypassed. 

The UPROC then compares DLMGTS, in a test 
226, to a threshold of -175 DEG C. If less than the 
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threshold, STLCNT is incremented by two in a step 
228. If greater than the threshold, step 228 is by- 
passed and the UPROC compares DACCER, in a test 
230, to a threshold of 45 %NG/SEC/SEC. If DACCER 
is greater than the threshold, the UPROC compares 
ACCERR, in a test 232, to a threshold of 10 
%NG/SEC. If DACCER is less than the threshold, 
step 232 is bypassed. 

If ACCERR is greater than the threshold, 
STLCNT is incremented by four in a step 234. If AC- 
CERR is less than the threshold, step 234 is by- 
passed. Next, the UPROC checks, in a test 236, if the 
value of STLCNT is greater than 25. If so, STLCNT is 
set equal to 25 in a step 238, the step 238 being by- 
passed, however, if STLCNT is less than or equal to 
25. The UPROC then checks, in a test 240, if STLCNT 
is greater or equal to 25. If so, a variable STALFG (ini- 
tially set to zero in the routine 204) is set to one in a 
step 242, STALFG equals one indicating a stall. If 
STLCNT is less than 25, step 242 is bypassed. 

Next, the UPROC calculates, in a step 244, the 
value of the stall change indication counter, STLCNG, 
by subtracting the past value of STLCNT contained in 
the variable STCTPV (initially set to zero in the rou- 
tine 204) from STLCNT. A positive value of STLCNG 
vindicates a stall identification-is in progress, while a 
? negative value of STLCNG indicates a stall recovery 
h is in progress. Tha value of STCTPV is then set equal 
f to STLCNT in a step =246. * 

The UPROC then checks, in a test 250, if the val- 
ue of STALFG equals one. If not, the value of STALTM 
is set equal to zero in a step 252. If STALFG equals 
one, the UPROC checks, in attest 254, if STLCNG is 
greater or equal to zero. If not, the step 252 is execut- 
ed; if so, STALTM is set equal to one in a step 256. 

Next, the UPROC checks, in a test 258, if 
STLCNG is greater than or equal to zero. If so, a rou- 
tine 260 calculates the value of STALBS. STALBS 
may be calculated from an acceleration schedule in a 
manner which should be apparent to one of ordinary 
skill in the art As STLCNT is incremented, STALBS 
increases the bias to the gain stage 88 (Fig. 1), allow- 
ing for a slower rate of engine acceleration. The op- 
posite situation is true when STLCNT is decrement- 
ed. STLCNT is then reduced by one in a step 262. 

If STLCNG is less than zero as a result of the test 
258, a routine 264 calculates the value of STALBS in 
a similar manner and STLCNT is decremented by 
three in a step 266. The difference in the STLCNT 
decrement amount in the steps 262.266 is due to the 
fact that a greater STLCNT decrement value is de- 
sired if a stall recovery rather than a stall identifica- 
tion is in progress. 

Returning to the test 208, if STALTM is greater 
than the predetermined value of 13, the calculate 
STALBS routine 264 and the decrement STLCNT 
step 266 are then executed instead of the steps 210- 
258, since the compressor has been identified to be 


in a stall for a sufficient amount of time. This allows 
for a faster rate of stall recovery. 

Next, the UPROC checks, in a test 270, if 
STLCNT is less than or equal to zero. If so, then the 
5 engine has recovered from the stall condition and an 
initialization routine 272 is executed where STLCNT, 
STALFG, STLCNG, and STALTM are all set to zero. 
The subroutine then exits in a step 274. If STLCNT is 
greater than zero, the initialization routine is by- 
10 passed and the subroutine exits in the step. 

Thus, it can be seen that STLCNT is incremented 
upon each exceedence by the threshold logic circuh 
try input signals of the corresponding threshold sig- 
nals. In the exemplary embodiment of Fig. 2, a stall 
15 condition is indicated when STLCNT reaches a value 
of 25. ASTLCNT value less than 25 is indicative of the 
incipiency of compressor stall, the incipiency increas- 
ing with a higher value of STLCNT. From STLCNT, 
the signal STALBS is calculated and used to gain 
20 modify the acceleration schedule output, thus making 
the acceleration of the fuel control self-compensating 
for stall incipiency. 

It is to be understood that, for the broadest scope 
of the invention, it suffice that the STLCNT counter 
25 output be indicative of incipient compressor stall. 
.Thus, the STALBS signal* which is derived from the* 
-counter output, forms no part of the broadest scope- 
;> of the invention. Instead, the counter output may* if y 
■ ides|red, effectuate an indication iof or automatic Wtf 
*30 -A covery from compressor stall. For example, the coun- ■ 
>ter output may trigger a visual/audio indication of stall '' 
■A incipiency to the- pilot in the cockpit'-., 
, ? The exemplary embodiment of t he threshold log- 
ic circuitry described herein may be implemented 
35 within a software program of a microprocessor-based 
digital fuel control computer, e.g., a Model EEC139 
flight control manufactured by Hamilton Standard. 
The particular characteristics of the components 
comprising the fuel control are irrelevant for practio- 
40 ing the present invention. Also, the invention is de- 
scribed for use on a particular turboshaft engine; 
however, the invention is applicable to any gas tur- 
bine cycle engine. 

It is to be understood that the engine parameter 
45 signals illustrated of Fig. 1 are strictly exemplary; if 
desired, other available parameters (e.g., compres- 
sor pressure, turbine inlet temperature) may be used, 
these parameters being processed in a similar man- 
ner using known techniques to derive maximum en- 
50 gine operation information therefrom, and being sub- 
sequently checked for threshold exceedence in ac- 
cordance with the present invention. 

Fig. 1 illustrates the processing of the engine 
parameters being carried out in an analog fashion. 
55 However, these functions may be performed using 
software program steps in a suitable digital control 
computer. Furthermore, the invention may be imple- 
mented with dedicated analog and/or digital hard- 
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ware, if desired, in an appropriate fashion which 
should be readily apparent to those skilled in the art 
in light of the description hereinbefore. All of the fore- 
going changes and variations are irrelevant to the 
present invention; it suffice that a number of engine 5 
parameters be sensed, signals indicative thereof be 
processed and then compared to corresponding 
thresholds for exceedence thereof, and a counter in- 
cremented upon any threshold exceedence, the 
counter output being indicative of incipient compres- 10 
sor stall. 

Although the invention has been shown and de- 
scribed with respect to a best mode embodiment 
thereof, it should be understood by those skilled in 
the art that the foregoing and various other changes, 15 
omissions, and additions in the form and detail there- 
of may be made therein without departing from the 
scope of the invention. 

20 

Claims 

1. Apparatus for detecting a compressor stall in a 
gas turbine engine (22) having a plurality of para- 
meters, each of the parameters being associated 25 
^ -w^ : 

\[ of the engine and having a magnitude associated i 
therewith^ comprising: 

v ^Jie magnitude of each of the^plurality of engine ' 30 
; ^rameters, anld for providing sensed parameter ; ; 
> Ssigifels^^ >n r, : >';■ 

% %H*'M*fc\QQal processing means (44^52,56,58,60, Lv¥ 
64,84,88,114,100,110,80,126,128,134,136), re- 
sponsive to said sensed parameter signals, for 35 
processing each of said sensed parameter sig- 
nals to derive information therefrom as to further 
operational characteristics of the engine, and for 
providing associated information signals indica- 
tive thereof, each of said information signals hav- 40 
ing a magnitude associated therewith; and char- 
acterized by 

threshold means (70), responsive to said 
information signals, for comparing in a subroutine 
the magnitude of said information signals for ex- 45 
ceedence of a magnitude of a corresponding 
plurality of threshold signals and for incrementing 
a counter value upon any exceedence, the mag- 
nitude of each of said threshold signals being in- 
dicative of a corresponding magnitude of inci- 50 
piency of compressor stall, said counter value be- 
ing incremented upon any exceedence by an 
amount corresponding to the ability of each of 
said information signals to indicate the incipiency 
of stall, said threshold means indicating a stall 55 
when said counter value meets or exceeds a cer- 
tain amount 


2. The apparatus of claim 1 , wherein said threshold 
signals include selected ones of said information 
signals, said threshold means (70) comparing the 
magnitude of said information signals for exceed- 
ence of the magnitude of the corresponding ones 
of said selected ones of said information signals. 

3. The apparatus of claim 2, wherein said threshold 
means (70) further comprises means for period- 
ically executing said subroutine, said threshold 
means comparing said counter value during each 
current execution of said subroutine to said coun- 
ter value during the previous execution of said 
subroutine to determine a direction of the stall in- 
cipiency, the incipiency direction determined to 
be increasing when said counter value during the 
current execution of said subroutine is greater 
said counter value during the previous execution 
of said subroutine, the incipiency direction deter- 
mined to be decreasing when said counter value 
during the current execution of said subroutine is 
lesser than said counter value during the previ- 
ous execution of said subroutine. 

4. The apparatus of claim 3, wherein said t hreshold 
means (70) further comprises means for decre-u 
menting said counter value during each execu- 

ij\ tion of said subroutine sojas to adjust saidlcbuhfer^ 
;.v value for the elapsed time between executions of * 
said subrdutine'i^said counter value being ^e^ ^ 
rnented by^af ii^tamountwhen said inciplencyo^:; 
rectiori lis determined to be increasing, said cpurW- 
ter value being decremented by a^secorid amoiintj^ 
when said incipiency direction is determined to 
be decreasing, said second amount being greater 
than said first amount 

5. The apparatus of claim 4, wherein said sensing 
means includes first speed sensing means (42), 
responsive to the speed of the compressor of the 
engine, for providing a compressor speed signal 
indicative thereof, the compressor speed being 
one of the plurality of engine parameters indica- 
tive of an operational characteristic of the engine. 

6. The apparatus of claim 5, wherein said signal 
processing means further comprises: 

acceleration schedule means (84), re- 
sponsive to said compressor speed signal, for 
providing an acceleration signal having a magni- 
tude indicative of the acceleration of said com- 
pressor speed signal; and 

gain means (88), responsive to said accel- 
eration signal, for gain multiplying said accelera- 
tion signal and for providing a reference signal 
having a magnitude indicative thereof. 

7. The apparatus of claim 6, wherein said threshold 
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means (70) further comprises means for provid- 
ing to said gain means (88) a bias signal propor- 
tional to the magnitude of said counter value, said 
gain means being responsive thereto for gain 
multiplying said acceleration signal in accor- 5 
dance therewith and for providing said reference 
signal indicative thereof, said bias signal allowing 
for a lesser value of said reference signal as said 
counter value is incremented, said bias signal al- 
lowing for a greater value of said reference signal 10 
as said counter value is decremented. 

8. The apparatus of claim 6, wherein said signal 
processing means further comprises means 
(114) for integrating over time said reference sig- is 
nal and for providing an integrated reference sig- 
nal having a magnitude indicative thereof, said 
threshold means (70) comparing for exceedence 

the magnitude of said integrated reference signal 
to the magnitude of a selected one of said thresh- 20 
old signals and Incrementing said counter value 
upon an exceedence thereby. 

9. The apparatus of claim 7, wherein said signal 
processing means further comprises means 25 

vV*(100) for differentiating withrespect to time said 
• ■% compressor. speed sig n at, and for provid ing a d if- • 
, #:ferentiated ^compressor -speed; signal having a ; 
i^i magnitude i nd icative t hereof 

-;fy r ' : 'S <: > JW- <-V- \30 

10. - Theiapparatus of claim .9- wherein said signal 
vprocessing means further comprises means (94) 
« for subtracting . said differentiated compressor 

speed signal from said reference signal and for 
providing an acceleration error signal having a 35 
magnitude in accordance therewith. 

11. The apparatus of claim 10, wherein said signal 
processing means further comprises means 

(11 0) for differentiating with respect to time said 40 
acceleration error signal, and for providing a dif- 
ferentiated acceleration error signal having a 
magnitude indicative thereof, said threshold 
means (70) comparing for exceedence the mag- 
nitude of said differentiated acceleration error 45 
signal to the magnitude of a selected one of said 
threshold signals and, upon an exceedence 
thereby, said threshold means comparing for ex- 
ceedence the magnitude of said acceleration er- 
ror signal to the magnitude of a selected one of so 
said threshold signals and incrementing said 
counter value upon an exceedence thereby. 

12. The apparatus of claim 4, wherein said sensing 
means includes second speed sensing means 55 
(120), responsive to the speed of the free turbine 

of the engine, for providing a turbine speed signal 
having a magnitude indicative thereof, the free 


turbine speed being one of the plurality of engine 
parameters indicative of an operational charac- 
teristic of the engine. 

13. The apparatus of claim 12, wherein said signal 
processing means further comprises means 
(136) for differentiating with respect to time said 
turbine speed signal and providing a differentiat- 
ed turbine speed signal having a magnitude indi- 
cative thereof, said threshold means (70) com- 
paring the magnitude of said differentiated tur- 
bine speed signal to the magnitude of a selected 
one of said threshold signals for exceedence 
thereof and incrementing said counter value 
upon an exceedence thereby. 

14. The apparatus of claim 4, wherein said sensing 
means includes torque sensing means (120), re- 
sponsive to the torque on the free turbine of the 
gas turbine engine, for providing a torque signal 
having a magnitude indicative thereof, the torque 
being one of the plurality of engine parameters in- 
dicative of an operational characteristic of the en- 
gine. 

.15. The apparatus of claim 14;: wherein said signaK > 
processing means furthers comprises means 
(128) for differentiating witlvrespect to time said £r^ 
torque signal and providing ra differentiatedvtor-iic 
que signal having a magnitude indicative thereof,/ ~ 
Vsaid threshold means (70) comparing for exceeds a 
/ence the magnitude of said differentiated torque ^ 
signal to the magnitude of a selected one of said ^ 
threshold signals and incrementing said counter 
value upon an exceedence thereby. 

16. The apparatus of claim 5, wherein said signal 
processing means further comprises: 

temperature correction means (60), re- 
sponsive to said compressor speed signal, for 
providing a corrected compressor speed signal 
having a magnitude indicative thereof; and 

temperature schedule means (80), re- 
sponsive to said corrected compressor speed 
signal, for providing a temperature rate of change 
signal as a function of the magnitude of said cor- 
rected compressor speed signal, said tempera- 
ture rate of change signal comprising one of said 
still further selected ones of said information sig- 
nals. 

17. The apparatus of claim 16, wherein said sensing 
means includes temperature sensing means 
(46), responsive to the gas temperature of the en- 
gine, for providing a gas temperature signal hav- 
ing a magnitude indicative thereof, the gas tem- 
perature being one of the plurality of engine para- 
meters indicative of an operational characteristic 


7 


13 


EP 0 418 189 B1 


14 


of the engine. 

18. The apparatus of claim 17, wherein said signal 
processing means further comprises means (44), 
responsive to said gas temperature signal and s 
said compressor speed signal, for providing a 
measured gas temperature signal having a mag- 
nitude indicative of the measured gas tempera- 
ture of the engine. 

10 

19. The apparatus of claim 18, wherein said signal 
processing means further comprises means (52) 
for differentiating with respect to time said meas- 
ured gas temperature signal and for providing a 
differentiated measured gas temperature signal 15 
having a magnitude indicative thereof, said 
threshold means (70) comparing for exceedence 

the magnitude of said differentiated measured 
gas temperature signal to the magnitude of said 
temperature rate of change signal and increment- 20 
ing said counter value upon an exceedence 
thereby. 

20. The apparatus of claim 19, wherein said signal 
processing means further comprises means 25 
; (56,58,64), responsive to said measured gas f 

• temperature signal and said corrected compress 
♦ - f sor speed signal, for providing an expected meas- 
v. ured gas temperature signal having a magnitude 
: V: indicative : ^ttof86f > : 'teld^hMhof#- means {70) 30 
0 comparing for exceedence the magnitude of said s 
expected measured gas temperature signal to - ' 
- ; the magnitude of a selected one of said threshold- -: : 
signals and incrementing said counter value upon 
an exceedence thereby. 35 

Patentanspriiche 

1. Anordnung zum Erkennen eines Verdichterstro- 40 
mungsabrisses in einem Gasturbinentriebwerk 
(22), das eine Vielzahl von Parametern hat, wo- 
bei jeder Parameter einem entsprechenden 
Betriebskennwert des Triebwerks zugeordnet ist 
und eine diesem zugeordnete GroRe hat, mit: 45 
einer Erfassungseinrichtung (42, 46, 120) zum 
Erfassen der Grade jedes Parameters der Viel- 
zahl von Triebwerksparametern und zum Liefer n 
von erfaRten Parametersignalen, die diese ange- 
ben; 50 
einer Signalverarbeitungseinrichtung (44, 52, 56, 
58, 60, 64, 84, 88, 114, 100, 110, 80, 126, 128, 
134, 136), die auf die erfaRten Parametersignale 
anspricht, urn jedes der erfa&ten Parametersi- 
gnale zu verarbeiten und daraus Information uber 55 
weitere Betriebskennwerte des Triebwerks zu 
gewinnen und urn zugeordnete Informationssi- 
gnale zu liefern, die diese angeben, wobei jedes 


der Informationssignale eine zugeordnete GroRe 
hat; und gekennzeichnet durch 
eine Schwellenwerteinrichtung (70), die auf die 
Informationssignale anspricht, urn in einer Unter- 
routine die GroRe der Informationssignale auf die 
Oberschreitung einer GroRe einer entsprechen- 
den Vielzahl von Schwellenwertsignalen hin zu 
vergleichen und einen Zahlerwert bei jeder Ober- 
schreitung zu inkrementieren, wobei die GroRe 
von jedem der Schwellenwertsignale eine ent- 
sprechende Gro&e des Einsetzens von Verdich- 
terstromungsabriB anzeigt, wobei derZahlerwert 
bei jeder Oberschreitung urn ein AusmaR inkre- 
mentiert wird, das der Fahigkeit jedes der Infor- 
mationssignale entspricht, das Einsetzen von 
StrdmungsabriS anzuzeigen, wobei die Schwel- 
lenwerteinrichtung einen StrdmungsabriR an- 
zeigt, wenn der Zahlerwert eine gewisse Gro&e 
erreicht oder uberschreitet 

2. Anordnung nach Anspruch 1, wobei die Schwel- 
lenwertsignale unter den Informationssignalen 
ausgewahlte umfassen, wobei die Schwellen- 
werteinrichtung (70) die Gro&e der Informations- 
signale auf Oberschreiten der Gr6&e der entspre- 
chenden: der ausgew^hJtenu|nformationssigna|e^K^ 

■ hin vergleicht:^i ; v ^ k^-kxtitfteu, 

3. Anordnung nach Anspriich:2, wobei die Schwelr i,? ;Vo&! 
lenwerteinrichtung i <70);weiter eine^ Einrichtung^i 1 
aufweistzumperiodisthen Ausfuhre 

routine, wober die Schwelleriwerteinrichtung den^-^/w 
Zahlerwert wahrend jeder laiteridettAusfuhruhg^u > <Sm 
der Unterroutine mit dem Zahlerwert wahrend 
der vorherigen Ausfuhrung der Unterroutine ver- 
gleicht, urn eine Richtung des Einsetzens von 
StromungsabriB zu bestimmen, wobei die Rich- 
tung des Einsetzens als zunehmend bestimmt 
wird, wenn der Zahlerwert wShrend der laufen- 
den Ausfuhrung der Unterroutine gro&er als der 
Zahlerwert wahrend der vorherigen Ausfuhrung 
der Unterroutine ist, und wobei die Richtung des 
Einsetzens als abnehmend bestimmt wird, wenn 
der Zahlerwert wahrend der laufenden Ausfuh- 
rung der Unterroutine Weiner als derZahlerwert 
wahrend der vorherigen Ausfuhrung der Unter- 
routine ist. 

4. Anordnung nach Anspruch 3, wobei die Schwel- 
lenwerteinrichtung (70) weiter eine Einrichtung 
aufweist zum Dekrementieren des Zahlerwertes 
wahrend jeder Ausfuhrung der Unterroutine, so 
da& der Zahlerwert auf die verstrichene Zeit zwi- 
schen Ausfuhrungen der Unterroutine eingestellt 
wird, wobei derZahlerwert urn ein erstes AusmaR 
dekrementiert wird, wenn die Richtung des Ein- 
setzens als zunehmend bestimmt wird, wogegen 
der Zahlerwert urn ein zweites AusmaR dekre- 
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mentiert wird, wenn die Richtung des Einsetzens 
als abnehmend bestimmt wird, wobei das zweite 
AusmaB groBer als das erste AusmaB ist. 

5. Anordnung nach Anspruch 4, wobei die Erfas- 5 
sungseinrichtung eine erste Drehzahlerfas- 
sungseinrichtung (42) aufweist, die auf die Dreh- 
zahl des Verdichters des Triebwerks anspricht, 

urn ein Verdichterdrehzahisignal zu liefern, das 
diese angibt, wobei die Verdichterdrehzahl einer 10 
der Vielzahl von Triebwerksparametern ist, die 
einen Betriebskennwert des Triebwerks anzei- 
gen. 

6. Anordnung nach Anspruch 5, wobei die Signal- 15 
verarbeitungseinrichtung weiter aufweist: 

eine Beschleunigungsplaneinrichtung (84), die 
auf das Verdichterdrehzahisignal anspricht, um 
ein Beschleunigungssignal zu liefern, das eine 
GroBe hat, welche die Beschleunigung des Ver- 20 
dichterdrehzahlsignals angibt; 
eine Verstarkungseinrichtung (88), die auf das 
Beschleunigungssignal anspricht, um das Be- 
schleunigungssignal mit einem Verstarkungsfak- 
tor zu multiplizieren, und um ein Referenzsignal 25 
zu liefern, das eine dieses angebende GroBe hat. 

7? cAnordniing nach Anspruch 6,,wobei die Schvyel- 
if Jenwerteinrichtiing (70) weiter eine Einrichtung 
^aufweist zum Anlegen eines "Vbrspannungssi- .30 
: gnals an die Verstarkungseinrichtung (88), das - ■ 
\ zu der GroBe des Zahlerwertes proportional ist, 
wobei die Verstarkungseinrichtung darauf an- 
spricht, um das Beschleunigungssignal dement- 
sprechend mit einem Verstarkungsfaktor zu mul- 35 
tiplizieren und um das dieses angebende Refe- 
renzsignal zu liefern, wobei das Vorspannungssi- 
gnal einen kleineren Wert des Referenzsignals 
gestattet, wenn der Zahlerwert inkrementiert 
wird, wogegen das Vorspannungssignal einen 40 
groBeren Wert des Referenzsignals gestattet, 
wenn der Zahlerwert dekrementiert wird. 

8. Anordnung nach Anspruch 6, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 45 
(114) aufweist, um das Referenzsignal uberder 

Zeit zu integrieren und um ein integriertes Refe- 
renzsignal zu liefern, das eine dieses angebende 
GrdBe hat, wobei die Schwellenwerteinrichtung 
(70) die GrdBe des integrierten Referenzsignals so 
mit der GroBe eines unter den Schwellenwertsi- 
gnalen ausgewahlten Schwellenwertsignals auf 
eine Oberschreitung hin vergleicht und den Zah- 
lerwert bei einer Oberschreitung durch dieses in- 
krementiert. 55 

9. Anordnung nach Anspruch 7, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 


(100) aufweist, um das Verdichterdrehzahisignal 
nach der Zeit zu differenzieren und um ein diffe- 
renziertes Verdichterdrehzahisignal zu liefern, 
das eine dieses angebende GroBe hat. 

10. Anordnung nach Anspruch 9, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(94) aufweist zum Subtrahieren des differenzier- 
ten Verdichterdrehzahlsignals von dem Refe- 
renzsignal und zum Liefern eines Beschleuni- 
gungsfehlersignals, das eine dementsprechende 
GroBe hat 

11. Anordnung nach Anspruch 10, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(110) aufweist, um das Beschleunigungsfehlersh 
gnai nach der Zeit zu differenzieren und um ein 
differenziertes Beschleunigungsfehlersignal zu 
liefern, das eine dieses angebende GroBe hat, 
wobei die Schwellenwerteinrichtung (70) auf 
Oberschreitung hin die GroBe des drf ferenzierten 
Beschleunigungsfehlersignals mit der GroBe ei- 
nes unter den Schwellenwertsignalen ausge- 
wahlten Schwellenwertsignals vergleicht und wo- 
bei, bet einer Oberschreitung durch dieses, die 
Schwellenwerteinrichtung auf Oberschreitung-; 
hin die GroBe des Beschleunigungsfehlersignals . 
mit der GroBe eines unter den SchwellenwertSH. *.£ 
gnalen ausgewahlten Schwellenwertsignals ver-vi 
gleicht und den Zahlerwert bei einer Oberschrei- \? 
tung durch dieses inkrementiert: ■»-, 

12. Anordnung nach Anspruch 4v wobei die Erfas- 
sungseinrichtung eine zweite Drehzahlerfas- 
sungseinrichtung (120) aufweist, die auf die 
Drehzahl der Freifahrturbine des Triebwerks an- 
spricht, um ein Turbinendrehzahlsignal zu liefern, 
das eine dieses angebende GroBe hat, wobei die 
Freifahrturbinendrehzahl einer der Vielzahl von 
Triebwerksparametern ist, welche einen 
Betriebskennwert des Triebwerks angeben. 

13. Anordnung nach Anspruch 12, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(136) aufweist, um das Turbinendrehzahlsignal 
uber der Zeit zu differenzieren und ein differen- 
ziertes Turbinendrehzahlsignal zu liefern, das ei- 
ne dieses angebende GroBe hat, wobei die 
Schwellenwerteinrichtung (70) die GroBe des dif- 
ferenzierten Drehzahlsignals mit der GroBe eines 
unter den Schwellenwertsignalen ausgewahlten 
Schwellenwertsignals auf eine Oberschreitung 
desselben hin vergleicht und den Zahlerwert bei 
einer Uberschreitung durch dieses inkrementiert 

14. Anordnung nach Anspruch 4, wobei die Erfas- 
sungseinrichtung eine Drehmomenterfassungs- 
einrichtung (120) aufweist, die auf das Drehmo- 
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ment an der Freifahrturbine des Gasturbinen- 
triebwerks anspricht, um ein Drehmomentsignal 
zu liefern, das eine dieses angebende GroBe hat, 
wobei das Drehmoment einer der Vielzahl von 
Triebwerksparametern ist, die einen 
Betriebskennwert des Triebwerks angeben. 

15. Anordnung nach Anspruch 14, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(128) aufweist, um das Drehmomentsignal nach 
der Zeit zu differenzieren und ein differenziertes 
Drehmomentsignal zu liefern, das eine dieses an- 
gebende GroBe hat, wobei die Schwellenwertein- 
richtung (70) die GroBe des differenzierten Dreh- 
momentssignals mit der GroBe eines unter den 
Schwellenwertsignalen ausgewahlten Signals 
auf eine Uberschreitung hin vergleicht und den 
Zahlerwert bei einer Uberschreitung durch das- 
selbe inkrementiert 

16. Anordnung nach Anspruch 5, wobei die Signal- 
verarbeitungseinrichtung weiter aufweist: 

eine Temperaturkorrektureinrichtung (60), die 
auf das Verdichterdrehzahlsignal anspricht, um 
ein korrigiertes Verdichterdrehzahlsignal zu lie- 
^ s ferni das eine dieses angebende. Gro Be bat, und 
v^jneTemperaturplaneinrichtuhg <80), die auf das 
f ^korrigierte ^Verdichterdrehzahlsignal anspricht, 
iiim ein fempbraturanderungsgeschwindigkeits- 
i ^signal als eine Funktion der GroBe des korrigier- 
tien Verdichterdrehzahlsigrials zu liefern, wober 
& Jxias ^Temperaturanderungsgeschwindigkeitssi- 
*i: ognal eines der noch weiteren ausgewahlten Infor- 
mationssignale bildet. 

17. Anordnung nach Anspruch 16, wobei die Erfas- 
sungseinrichtung eine Temperaturerfassungs- 
einrichtung (46) aufweist, die auf die Gastempe- 
ratur des Triebwerks anspricht, um ein Gastem- 
peratursignal zu liefern, das eine dieses ange- 
bende GroBe hat, wobei die Gastemperatur einer 
der Vielzahl von Triebswerkparametern ist, die 
einen Betriebskennwert des Triebswerks ange- 
ben. 

18. Anordnung nach Anspruch 17, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(44) aufweist, die auf das Gastemperatursignal 
und das Verdichterdrehzahlsignal anspricht, um 
ein gemessenes Gastemperatursignal zu liefern, 
das eine GroBe hat, welche die gemessene Gas- 
temperatur des Triebwerks angibt. 


19. Anordnung nach Anspruch 18, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(52) aufweist, um das gemessene Gastempera- 
tursignal nach der Zeit zu differenzieren und ein 
differenziertes gemessenes Gastemperatursi- 


gnal zu liefern, das eine GroBe hat, die dieses an- 
gibt, wobei die Schwellenwerteinrichtung (70) die 
GroBe des differenzierten gemessenen Gastem- 
peratursignals mit der GroBe des Temperaturan- 
derungsgeschwindigkeitssignals auf eine Uber- 
schreitung der GrdBe hin vergleicht und den Zah- 
lerwert bei einerUberschreitung durch dieses in- 
krementiert. 

20. Anordnung nach Anspruch 19, wobei die Signal- 
verarbeitungseinrichtung weiter eine Einrichtung 
(56, 58, 64) aufweist, die auf das gemessene 
Gastemperatursignal und das korrigierte Ver- 
dichterdrehzahlsignal anspricht, um ein erwarte- 
tes gemessenes Gastemperatursignal zu liefern, 
das eine dieses angebende GroBe hat, wobei die 
Schwellenwerteinrichtung (70) die GroBe des er- 
warteten gemessenen Gastemperatursignals mit 
der GroBe eines unter den Schwellenwertsigna- 
len ausgewahlten Signals auf eine Uberschrei- 
tung hin vergleicht und den Zahlerwert bei einer 
Uberschreitung durch dieses inkrementiert 


25 Revindications 


Appareil pour la -detection du de^rochage dton >? 
pompresseur d'un •; turbomoteur* (22) -comportant; 
une pluralit6.de param6tres^:chacun de ces para- j 
metres 6tantassoci6 d une caracteristique fdhc- 
tionnelle correspondante du? moteur etfcompor- >" 
tantfune amplitude ass6ci6e*a^celle^ci|cpmpre- • 
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narit:: 


- des moyens capteurs (42,46,1 20) pour me- 
surer I'amplitude de chacun d'une plurality 
de parametres du moteur, et pour fournir 
des signaux de parametres mesures indica- 
teurs de ceux-ci, 

- des moyens de traitement de signal 
(44,52,56,58.60,64,84,88,114,100,110,80 
,126,128,134,136) lies aux signaux des pa- 
rametres mesures, pour r6aliser le traite- 
ment de chacun des signaux des parame- 
tres mesures, afin d'en deduire I'informa- 
tion des caract6ristiques defonctionnement 
du moteur, et pour fournir des signaux d'in- 
formation associes indicateurs de ces ca- 
racteristiques, chacun des signaux d'infor- 
mation comportant une amplitude associ6e 
k la caracteristique correspondante, carac- 
t6ris6 en ce qull comporte: 

- des moyens de seuif (70) lies auxdits si- 
gnaux d' information pour comparer, dans 
un sous-programme, I'amplitude des si- 
gnaux d'information dSpassant I'amplitude 
d'une plurality correspondante de signaux 
de seuil, et pour incrementer une valeur de 
compteur lors de toutdepassement, I'ampli- 
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tude de chacun des signaux de seuil indi- 
quant tine amplitude correspondant a la 
naissance d'un d6crochage du compres- 
seur, ladite valeur de compteur etant incre- 
mentee lors de tout depassement, d'une 5 
quantite correspondant a la capacite de 
chacun des signaux d'information a indi- 
quer la naissance d'un decrochage, lesdits 
moyens de seuil indiquant un d6crochage 
lorsqu'une valeur de compteur atteint ou 10 
depasse une certaine quantite. 

2. Appareil suivant la revendication 1 caracterise en 
ce que les signaux de seuil comprennent des si- 
gnaux selectionnes parmi les signaux d'informa- 15 
tion, lesdits moyens de seuil (70) comparant I'am- 
plitude des signaux d'information depassant 
I'amplitude des signaux correspondants selec- 
tionnes parmi ies signaux d' information. 

20 

3. Appareil suivant la revendication 2 caracterise en 
ce que les moyens de seuil (70) comprennent de 
plus des moyens pour executor de facon periodi- 
que ledit sous-programme, les moyens de seuil 
comparant ladite valeur de compteur durant cha- 25 
que execution du sousrprogramme a la valeur.de 
compteur durant I'exScution precSdente de celuM . r 
-ci, pour determiner le sens de la naissance du de- 
crochage, celui-ci etant consid6r6 comme crois- 
sant lorsque ladite valeur de compteur, * durant 30 
I'execution dudit sous-programme, est superieu- 

re a la valeur de compteur durant ('execution du 
sous-programme pr6c6dent;et ledit sensds nais- 
sance de decrochage etant considere comme de- 
croissant lorsque ladite valeur de compteur, du- 35 
rant ('execution du sous-programme, est inferieu- 
re a la valeur de compteur durant ('execution du 
sous-programme precedent 

4. Appareil suivant la revendication 3, caracterise 40 
en ce que les moyens de seuil (70) comprennent 

de plus des moyens pour decrementer la valeur 
du compteur durant chaque execution du sous- 
programme, de facon a ajuster cette valeur de 
compteur pendant le temps ecoule entre des exe- 45 
cutions du sous-programme, ladite valeur de 
compteur etant decrementee d'une premiere 
quantity lorsque la direction de la naissance de 
decrochage augmente, et ia valeur de compteur 
etant decrementee d'une seconde quantite lors- so 
que ladite direction de la naissance de decrocha- 
ge diminue, cette seconde quantite etant supe- 
rieure a la premiere quantite. 


5. Appareil suivant la revendication 4 caracterise en 
ce que les moyens de mesure comprennent des 
premier moyens de mesure de vitesse (42) lies a 
la vitesse du compresseurdu moteur, pourfournir 
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un signal de vitesse du compresseur, la vitesse 
du compresseur etant Tun de la plurality de para- 
metres moteurs indicateurs d'une caracteristique 
du fonctionnement 

6. Appareil suivant la revendication 5 caracterise en 
ce que les moyens de traitement de signal 
comprennent de plus: 

- des moyens de programme d'acceleration 
(84) lies audit signal de vitesse du compres- 
sor, pour fournir un signal d'acceleration 
comportant une amplitude indiquant ('acce- 
leration dudit signal de vitesse du compres- 
seur, 

- des moyens de gain (88) lies au signal d'ac- 
celeration, pour multiplier celui-ci, et pour 
fournir un signal de reference dont I'ampli- 
tude est indicatrice de ('acceleration. 

7. Appareil suivant la revendication 6 caracterise en 
ce que les moyens de seuil (70) comprennent de 
plus des moyens pour fournir aux dits moyens de 
gain (88) un signal de correction proportionnel a 
I' amplitude de ladite valeur de compteur, lesdits 
moyens de gain etant lies a celle-ci pour realiser 
une multiplication du signal d'acceleration en ac« * 

<-* cordiavec celle-ci, et pour fournir le signal de r&r. 
•.. reference indicateur de celle-ci, \ ledit sig nab de;; 
i . correction autorisant une valeur du signal de r& 
: >v ferenpe plus faible lorsque la valeur de compteur 
est -incremehtee, et le signal de correction autov 
risant une valeur du signal de reference plus forte? 
lorsque la valeur de compteur est decrementee.vr 

8. Appareil suivant la revendication 6 caracterise en 
ce que les moyens de traitement de signal 
comprennent de plus des moyens (114) pour as- 
surer ('integration par rapport au temps du signal 
de reference, et pour fournir un signal de referen- 
ce integre comportant une amplitude indicatrice 
de celui-ci, les moyens de seuil (70) comparant, 
en vue de determiner le depassement, I'amplitu- 
de dudit signal de reference integre a I'amplitude 
de Tun des signaux de seuil selectionne et incre- 
mental la valeur du compteur lorsqu'il y a depas- 
sement 

9. AppareO suivant la revendication 7 caracterise en 
ce que les moyens de traitement de signal 
comprennent de plus des moyens (1 00) pour de- 
terminer la differentielle par rapport au temps du 
signal de vitesse du compresseur et pour fournir 
un signal differentiel de la vitesse du compres- 
seur ayant une amplitude indicatrice de celle-ci. 

1 0. Appareil suivant la revendication 9 caracterise en 
ce que ies moyens de traitement du signal 
comprennent des moyens pour soustraire le si- 
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gnal de vitesse differentiel du compresseurdu si- 
gnal de reference, et pour fournir un signal 
d'erreur d'accei6ratk>n poss6dant une amplitude 
dependant de cette difference. 

11. Appareil suivant la revendication 10 caracterise 
en ce que les moyens de traitement de signal 
comprennent de plus des moyens (110) pour de- 
terminer la d ffferentielle par rapport au temps du si- 
gnal d'erreur d'acceleration, et pour fournir un si- 
gnal d'erreur d'acceieration differentiel comportant 
une amplitude indicatrice de celui-ci, les moyens 
de seuif (70) comparant, pour determiner un de- 
passement, I'amplitude dudit signal d'erreur d'ac- 
ceieration differential £ {'amplitude de Tun des si- 
gnaux de seuil seiectionne et en cas de depas- 
sement, lesdits moyens de seuil comparant, en 
vue de determiner un depassement, I'amplitude 
du signal d'erreur d'acceieration & I'amplitude du- 
dit signal de seuil seiectionne, et incremental la- 
dite valeur de compteur en cas de depassement. 

12. Appareil suivant la revendication 4, caracterise 
en ce que les moyens de mesure comprennent 
des seconds moyens de mesure des vitesses Ii6s 

v& la vitesse de la turbine fibre du moteur,«pour. 

^ fournir un signal de vitesse de turbine comportant 
;Hiiihe amplitude indiquant cette vitesse, la vitesse 
. ^ de la turbine libre constituant I'un de la pluraiite 
'■*'&des parametres du moteur indiquant les caracte- 
^ ^ristiques de fonctionnement de celui-ci.i 

Appareil suivant la revendication 12 caracterise 
en ce que les moyens de traitement de signal 
comprennent de plus des moyens (136) pour de- 
terminer la differentielle par rapport au temps du 
signal de vitesse de la turbine et pour fournir un 
signal de vitesse de turbine differentiel dont I'am- 
plitude est indicatrice de celle-ci, lesdits moyens 
de seuil (70) comparant I'amplitude du signal de 
vitesse differentiel de la turbine a I'amplitude de 
celui des signaux de seuil seiectionne, pour de- 
terminer le depassement de celui-ci, et incr6men- 
ter le compteur en cas de depassement. 

1 4. Appareil suivant la revendication 4 caracterise en 
ce que les moyens de mesure comportent des 
moyens de mesure du couple (120), lies au cou- 
ple de la turbine libre du turbomoteur, pourfournir 
un signal de couple comportant une amplitude in- 
dicatrice de celui-ci, le couple constituant Tun de 
la pluraiite des parametres du moteur indiquant 
les caracteristiques de fonctionnements de celui- 
ci. 

15. Appareil suivant la revendication 14 caracterise 
en ce que les moyens de traitement de signal 
comprennent de plus des moyens (1 28) pour de- 
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terminer la differentielle par rapport au temps du 
signal de couple et fournir un signal de couple dif- 
ferentiel ayant une amplitude indicatrice de celui- 
ci, les moyens de seuil (70) comparant, pour de- 
terminer un depassement, ('amplitude du signal 
de couple differentiel £ {'amplitude de celui des si- 
gnaux de seuil seiectionne et incremental la va- 
leur de compteur en cas de depassement. 

1 6. Appareil suivant la revendication 5 caracterise en 
ce que les moyens de traitement de signal 
comprennent de plus: 

- des moyens de correction de temperature 
(60) lies au signal de vitesse du compres- 
seur, pour fournir un signal de vitesse de 
compresseur corrige, ayant une amplitude 
indicatrice de celle-ci, 

- des moyens (80) de planif ication de tempe- 
rature, lies au signal de vitesse de compres- 
seur corrige, pourfournir un signal de taux 
de changement de temperature fonction de 
I'amplitude du signal de vitesse corrige du 
compresseur, led it signal de taux de chan- 
gement de temperature comprenant un des 
signaux seiectionne supplemental des si- 
gnaux d'information; ••: . 


^17vAppareil suivant la. revendication 1 6 caracterise 
:en ce que les moyens de mesure comprennent 
: 3o -:-r- ides moyens de mesure de la temperature ;(46) 
Allies a la temperature des gaz du moteur^ pour 
v' 5 ^ fournir un signal de temperature de gaz compor- 
' i tant une amplitude indicatrice de cette tempera- 
ture, la temperature des gaz 6tant I'un de la plu- 
35 ralite des parametres du moteur indicateur d'une 
caracteristique fonctionnelle de celui-ci. 

18. Appareil suivant la revendication 17 caracterise 
en ce que les moyens de traitement de signal 

40 comprennent de plus des moyens (44) lies au si- 
gnal de temperature de gaz, et au signal de vites- 
se du compresseur, pour fournir un signal de la 
temperature mesuree des gaz ayant une amplitu- 
de indicatrice de la temperature mesuree des gaz 

45 du moteur. 

19. Appareil suivant la revendication 18 caracterise 
en ce que les moyens de traitement de signal 
comprennent de plus des moyens (52) pour d6- 

50 terminer la differentielle par rapport au temps du 
signal de temperature des gaz, et pour fournir un 
signal differentiel de la temperature mesuree des 
gaz ayant une amplitude indicatrice de celle-ci, 
lesdits moyens de seuil (70) comparant, en vue 

55 de la determination d'un depassement, I'amplitu- 
de du signal differentiel de la temperature mesu- 
ree des gaz h I'amplitude dudit signal de taux de 
changement de temperature, et incrementant la 
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valeur du compteur en cas de depassement. 

20. Appareil suivant la revendication 19 caracte>is6 
en ce que les moyens de traitement de signal 
comprennent des moyens (56,58,64) lies au si- 5 
gnal de temperature mesuree des gaz et au si- 
gnal de vitesse corrige du compresseur, pour 
fournir un signal de la temperature mesur6e des 
gaz souhaite ayant une amplitude indicatrice de 
celle-ci, les moyens de seuil (70) comparant, en 10 
vue de la determination d'un d6passement, Tam- 
plitude du signal de la temperature mesur6e es- 
p6ree des gaz & I'amplitude d'un signal selection- 
n6 parmi les signaux de seuil et incremental la 
valeur du compteur en cas de d6passement. 15 
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